Purpose of Review Type 1 diabetes (T1D) is an autoimmune disease in which the immune cells selectively destroy the pancreatic beta (β) cells and results in the deficiency of insulin production. The optimal treatment strategy for T1D should be preventing of β-cell destruction in the pancreas. The purpose of this review is to discuss the immunological therapeutic mechanisms that will help to understand the development and control of β-cell destruction. The review also presents a novel method for development of autoantigen (Ag)-specific regulatory T cells (Tregs) for T1D immunotherapy.
Introduction
According to the 2015 American Diabetes Association (ADA)'s report, 30.3 million Americans, or 9.4% of the population, had diabetes and there were additional 84 million people with prediabetes [1, 2] . Diabetes was the seventh leading cause of death in the United States in 2015. Among individuals with diabetes, approximately 1.25 million children and adults were affected with type 1 diabetes (T1D). T1D is a disease caused by autoimmune destruction of insulin-producing beta (β) cells located in the endocrine pancreas. A number of etiologies have been suggested for the development of T1D. Although genetic predisposition is believed to play a role, T1D is mainly a polygenic disease where genetic factors are controversial [3] . Independently by the etiology, T1D develops because of pathogenic T cell-mediated autoimmune impairment of pancreatic β cells [4, 5] . In fact, T1D is mainly driven by the destruction of insulin-releasing pancreatic β cells, accompanied by cellular invasion by both CD4 + and CD8 + T cells. Lifelong exogenous insulin administration, either using multiple daily injections or by insulin pumps, is currently the only therapeutic option for T1D [6] . While islet or pancreas transplantations are alternative effective approaches to treating T1D, the limited availability of donors, the need of chronic immunosuppression, and the significantly high cost of the procedures are main drawbacks preventing their successful adoption as alternatives to insulin therapy in the majority of individuals with T1D. Consequently, alternative strategies for prevention of the destruction of islet cells by pathogenic T cells assume critical impact, in order to manage the prognosis of the disease. As autoimmune destruction is a continuous process and pathogenic auto-reactive T cells continually destroy the β cell, new approaches should be proposed to prevent the islet cell destruction by suppressing the function of hyperactive pathogenic T cells. Regulatory T cell (Tregs) are known to be suppressive immune cells that have the ability to inhibit the function of over-reactivated T cells and maintain the immune homeostasis. However, the number of Tregs is relatively limited in human that is no sufficient to suppress the function of large numbers of auto-reactive T cells. Consequently, the generation of large numbers of exogenous Tregs and successfully transferring them is essential for such treatment. Therefore, in this review, we precisely describe the in vitro generation of a large number Tregs that can effectively replenish the function of other hyperactive Tregs after adoptive transfer in vivo.
Tregs play a critical role in the maintenance of immune homeostasis, by suppressing the function of hyperactive immune cells. In various animal systems, especially in nonobese murine models, it has been reported that Tregs are highly associated with T1D development. Deficiency of Tregs accelerates the disease prognosis [7•, 8•] underlining the importance of these suppressive immune cells in the pathophysiology of the disease. Tregs suppress hyperactive immunity through several well-established mechanisms, including direct contact of the cell and secretion of suppressive cytokines (e.g., TGF-β and IL-10), as well as regulation of CXCR3 and IL-2 [9] [10] [11] [12] . However, in peripheral CD4 + T cell populations, Tregs are only roughly 5-10% in mice and 1-2% in human [13] . Subsequently, in order to suppress hyperactivity of pathogenic immune cells, the development of great numbers of Tregs ex vivo followed by adoptive transfer into the host is needed. Pluripotent stem cells (PSCs) have been demonstrated to induce Treg differentiate that overcomes the limitation of harvesting sufficient numbers of antigen (Ag)-specific Tregs. Consequently, because of the potential ability of PSCs to differentiate into most body's other cell types, as an alternative approach, PSCs have been used to generate auto Ag-specific Tregs for the treatment of autoimmune diseases [14••] . Nevertheless, the generation of auto Ag-specific PSC-Tregs and the underlying mechanisms have not been optimized and identified. Adoptive transfer of auto Ag-specific PSC-Tregs has the ability to result in Treg accumulation in local inflamed tissues in which Tregs suppress autoimmune responses. This Treg-based on immunotherapy can fundamentally prevent possible general immunosuppression [15] [16] [17] [18] . We have demonstrated a development of Ag-specific iPSC-Tregs. In this study, we recently suggested an approach of genetic modification of iPSCs with genes of Ag-specific T cell receptor (TCR) and a transcriptional factor (i.e., FoxP3) following co-culture the gene-transduced iPSCs with the OP9-DL1/DL4 stromal cells. We first revealed that the in vitro-generated PSC-Tregs suppressed autoimmune arthritis in a murine model. In addition, we confirmed that the PSC-Tregs were tissue-specific, functional, and sustainable [19] . Furthermore, we demonstrated that the PSC-Tregs were able to vigorously traffic in the diabetic pancreas and suppress the migration and activity of the pathogenic T cells-the trigger of T1D in a murine model. Of note, we identified an underlying mechanism by which adoptive transfer of the Tregs suppressed T1D development by decreasing the expression of intracellular adhesion molecule-1 (ICAM-1) in the diabetic pancreas and restraining the produc-
Induced PSCs
Induced PSCs (iPSCs) are generated from the somatic cells and have similar characteristics as those of PSCs. The use of human embryonic stem cells (hESCs) is restricted in clinical as well as research settings due to ethical concerns, making it imperative to find effective alternatives. As an alternative of hESCs, iPSCs have been well studied in the recent years, as these cells can be engineered and differentiated to various cell types [20, 21, 22•, 23•] . IPSCs can be created from somatic cells via using transcription factors (e.g., c-Myc, OCT4, Sox2, and KlF4). By using these transcription factors, throughout the past years, mouse and human iPSCs had been generated from somatic cells. By using this approach, T1D-specific iPSCs can be generated from patients with T1D [24, 25] . However, among these transcription factors, c-Myc and KlF4 are oncogenes, indicating the generated iPSCs have a potential to form tumors. To avoid this potential, a new method for generation of human iPSCs was developed, in which only OCT4 and SoX2 were used with a histone deacetylase inhibitor (i.e., valproic acid) [26] . In addition, introducing the transcription factors by using retroviruses or lentiviruses may result in viral integration into the host genome, which has a potential for the risk of tumorigenicity. To avoid this potential, a novel transfection protocol has been used, resulting in plasmid expression in iPSCs deprived of viral integration [27] . Even with the presence of these new developments without the use of oncogenes and viral vectors, the questions of similarity of iPSCs and hESCs still puzzle researchers. In addition, there has been substantial progress made towards elucidating important signaling pathways and regulators controlling cell fate. Such efforts have led to the generation of glucose-responsive and insulin-producing pancreatic progenitor cells, which had been transplanted in mice [28] . Other cell recourses, such as umbilical cord blood, have been also used to generate iPSCs, which have a similar reprogramming efficacy as those of keratinocytes and fibroblasts [29] . There is increasing interest in the development of insulin-producing β cells after the successful generation of iPSCs from various organs. However, the generation of insulin-producing iPSCs still remains a major challenge. In addition, during the period of T1D development, pathogenic immune cells continuously destroy insulin-producing β cells. In one study, it had been demonstrated that iPSC-derived islet-like cell clusters produce insulin and that some cells could differentiate and produce small amounts of C-peptide when stimulating with glucose [30] . These cells were highly glucose-responsive raising the possibility of the high rate of programmed cell death through apoptosis. In another study, human iPSCs derived from skin cells from T1D patients differentiated into β cells, which were able to produce insulin, C-peptide, glucagon, and somatostatin [31•]. The above-mentioned iPSCs were generated by transduction of adult fibroblasts with OCT4, SoX2, and KlF4 [32, 33••] . Nevertheless, the immune system will still target the implanted β cells generated from iPSCs that are created from somatic cells of patients with T1D mellitus. Hence, the use of both iPSC-derived immune cells and β cells for the treatments of T1D may eventually prevent the autoimmune destruction and provide optimal insulin-producing β cells.
Immunological Mechanisms in the Development of T1D and Potential Role of Tregs
The number of T1D patients is gradually increasing. Previously, it was thought that genetic predisposition is one of the main reasons for the increasing T1D; however, genetic predisposition is not solely responsible for increasing the tendency of diseases. Recent advances in this field explained the role of self-reactive immune cells for the development of T1D. The exact mechanism for activating the self-reacting autoimmune cells is still controversial. Some studies suggested that there is an interplay between genetic susceptibility and environmental influences, and this interplay is responsible for activating self-reactive immune cells. T1D also develops due to the interaction between β cells and the components of innate and adaptive immune systems. Hyperactive immune cells become pathogenic and start destroying the β cells through multiple pathways. Therefore, many immunomodulatory strategies have already been proposed for the treatment of T1D. Based on immune therapy, several clinical trials have been carried out by using several molecules, like cyclosporin A, anti-CD3 and anti-CD20 monoclonal antibodies, antithymocyte globulin, and IL-1. Results from a large clinical trial with cyclosporin A showed increased T1D remission but only for short duration, and the study reported a progressive increase in daily insulin requirement [34, 35] . Clinical trial with anti-CD3 and anti-CD20 monoclonal antibodies reported that C-peptide level can be maintained only for a transient period by using these two antibodies [36] . Furthermore, anti-thymocyte globulin failed to preserve the β-cell function after 2 years [37] . A randomized controlled trial was also carried out to evaluate the clinical utility of known inhibitors of interleukin-1 (IL-1) and Anakinra, which is known as the human IL-1 receptor antagonist. Both results were safe but not effective as single immunomodulatory drugs for recent-onset T1D [38] . Therefore, the repeated failures observed in clinical trials raised an ultimate need for the use of immunotherapy in patients with T1D.
Tregs are known as suppressive T cells, which can modulate the function of other immune cells like cytotoxic T cells and dendritic cells. Tregs were also utilized for conducting preclinical study in the treatment of T1D which have demonstrated prolonged islet survival and function in mice cotransplanted with islets and Tregs without immune suppression [39] . Tregs were also tested in human clinical trial where these cells were used as a biological alternative for chemical immunosuppression and as a novel approach for modulating immune response in T1D patients undergoing islet transplantation [40] . Clinical trial on newly diagnosed T1D children demonstrated safety and tolerability of autologous expanded Tregs. Tregs also showed the partial control of inflammation and preservation of insulin dosage for the duration of 2 years in diabetic patients [41] .
As the number and percentage of Tregs are low and limited in the human body, generation of large numbers of Tregs is essential for the treatment of T1D. One study collected Tregs from T1D patients, then expanded ex vivo, and administered back into the patients in a phase 1 clinical trial. The transferred Tregs survived for up to 1 year in a quarter of patients and preserved C peptide response in all cohorts for up to 1 year and in two cohorts after 2 years [42] . Another phase 1 clinical trial has been performed by the same group by using Tregs in combination with commercially available form of IL-2 called aldesleukin. From all of the clinical trials, none of them was specific to the islet cells. If they are not specific to the targeted cells, it is difficult to demonstrate whether this effect comes from the transferred cells or the endogenous Tregs. Hence, it is essential to home/retain the transferred Tregs into the targeted site and exert their effect specific to the destroyed islet. In this review, we reveal a novel strategy for the development of tissue-associated or Ag-specific Tregs that can particularly migrate to the islet and keep the remaining immune system intact.
Applications of Ag-Specific Tregs in Autoimmune Diseases
Various treatment options and their limitations in autoimmune diseases are illustrated in Table 1 . Considering all of the treatment options, Ag-specific Tregs-based immunotherapy is more potent and effective. Tregs can effectively suppress other conventional T cells when activated by cognate Ag [43, 44•] . This is commonly evident when cognate Ag presented on same Ag-presenting cells (APCs) is recognized by the Tregs and the conventional T cells, because of APC-mediated Treg suppressive mechanisms [10, 45•] . Tregs exert their suppression by different mechanisms, including linked suppression, a phenomenon where there is no individual engagement of the antigenic determinant of the targets. By utilizing this pathway, autoimmune-affected tissue can be targeted deprived of engagement of the cognate Ag through aiming a related tissueassociated Ag. It is also conceivable to suppress polyclonal T cell response to a whole organ using tissue-or organassociated Tregs. Other effector T cells can be "educated" by the Tregs through a process called infectious tolerance, in which Treg-mediated tolerance can be mediated by regulation of dendritic cells and succeeding de novo generation of adaptive Tregs from effector T cells. Furthermore, Tregs function appropriately during normal immune responses without delivering over immunosuppression, which is an endogenous part of the immune system. Therefore, Tregs can be used to reinstate optimal tolerance deprived of interrupting normal immune responses. Finally, Tregs not only suppress conventional T cells, including naive, effector, and memory CD4 + or CD8 + T cells, but also suppress numerous additional immune cells, such as B cells [46, 47•] , macrophage, and dendritic cells [48, 49•] , as well as monocytes [50, 51••] . Because autoimmune disorders are complicated diseases and numerous immune cells are involved in the process of disease development, both innate and adaptive immune systems need to be controlled in order to restore the tolerance. Consequently, Tregs are the most valuable candidate to provoke a steady and long-term Ag-specific suppression deprived of the possibilities related to overall immunosuppression. The actual role of Tregs involved in the development of autoimmune diseases is still not clear, even though there are some contradictory data that various proportions and numbers of Tregs engage. The reason is the deficiency of appropriate surface markers of Tregs. Previously, Tregs were identified by CD25, which is not suitable because many other cells also express CD25 after stimulation. Recently, this issue has been clarified by utilizing surface markers, such as CD127, with the transcription factor of Foxp3, which are definitive markers for Tregs. Nevertheless, although these markers offer a better solution, they are not perfect. Some studies have already shown that adoptive cell transfer with polyclonal Tregs prevented or slowed the progression of T1D [ [58, 59• ]. Yet, prevention of autoimmune diseases has not been successfully achieved, because a significant immune response has been usually initiated when disease diagnosis is confirmed. In the settings of T1D and MS, it has been well-established that targeting of disease-associated Ags by Ag-specific Tregs is very effective in regressing existing autoimmune responses. Specifically, high doses of polyclonal Tregs are not able to reverse the ongoing autoimmunity, indicating the importance Table 1 Various treatment options and their limitations in autoimmune diseases
Treatment option Limitation

Insulin replacement therapy
Patients become susceptible to severe episodes of hypoglycemia, lifelong dependency on exogenous insulin, insulin resistance, mild obesity, and psychiatric condition.
Artificial pancreas
High costs associated with equipment procurement and high sensor replacement costs, buildup of scar tissue due to repeated micro-needle insertion, and premature sensor failure.
Immune therapies
Customized, patient-specific and special training needed for the use of this technique.
Peptide hormone-based therapies
The impact of peptide-based drugs on long-term glycemic control and on secondary complications still remains to be explored.
Xeno-transplantation of islets
Reliable source of islets, developing strategy for immune isolation of xeno-islets, and identifying suitable sites for transplantation.
Islet transplantation
The occurrence of instant blood-mediated inflammatory reaction (IBMIR) immediately after transplantation, loss of islet numbers and islet mass due to ischemia, apoptosis of islet cells, and detrimental side effects of immunosuppressive agents. Encapsulation strategy β-cells are protected by a physical barrier so there are risks for β-cell death due to hypoxia, especially during the early stages post-transplantation. Need consistent engraftment and glucose sensing but will still require sustained immunosuppression for long-term survival and function of encapsulated β-cells.
Stem cell-based therapies
Ethical considerations of using embryo-derived stem cells which need to be considered.
of Ag specificity. In addition, Ag specificity is needed for Tregs to exert active suppression that requires Tregs to traffic/be accumulated in the suitable organ/tissue. The unique TCRs on the surface control the specificity of T cells, including Tregs. Therefore, in order to reduce the development of an autoimmune disorder, a sufficient quantity of Ag-specific Tregs in the polyclonal Tregs is required to transfer. Even in this case, various additional specificities of the polyclonal Tregs would elicit undesirable suppression of normal immune responses, which were presented in different settings of cancers [60, 61] . Additionally, because Tregs from the patients are usually not sufficient to suppress the induction of disease, it is highly unpredictable for the treatment with these Tregs deprived of amending specificity or function. Consequently, various approaches for generating Ag-specific Tregs are developing, including TCR (T cell receptor)-or CAR (chimeric Ag receptor)-based genetic modification of Tregs, which make Tregs more suitable for adoptive cell transfer based on immunotherapy for autoimmune diseases. Recently, immunotherapy in animals based on Ag-specific Tregs for various autoimmune disorders has been successfully revealed. Yet, because of the difference in Tregs between human and animals (especially mice), how to translate these results into the clinic would be a big challenge. Nevertheless, developing robust and reliable approaches to generate a great number of human Ag-specific Tregs is very desirable.
Tregs and the Control of Autoimmune Diabetes
T1D is a complex etiology where immune cells directly attack the specific organ, and inflammation is a critical player during the disease prognosis. Inflammation develops due to the hyperactivity of auto-reactive immune cells. To prevent the continuous inflammation induced by overactive immune cells and retain normoglycemia, in numerous patients with T1D, exogenous supply of insulin is needed. As there is continuous destruction of endogenous auto-reactive T cells, treatment strategies are also designed to be continuous and lifelong, resulting in high morbidity. Replacement of β cells is a process where a large number of β cells have to be recruited to maintain the blood glucose level deprived of constant injection of insulin. However, the β-cell transplantation does not result in adequate results. The primary reason for the unfortunate durable effect is the constant immune devastation of the transplanted islet. Additionally, β-cell transplantation has a big problem, i.e., the shortage of donors, when compared with a large number of patients with T1D. Overall, it is now considered that targeting Tregs is an optimal method to end the hyperactivity of effector immune cells to maintain normal homeostasis. However, the mechanisms by which Tregs regulate the autoimmune responses in vivo and suppress the development of T1D remain to be determined. The scheme that we indicate in this review underlies on the results primarily obtained from murine models; however, associated clinical implications have not been confirmed. Regulating the migration and priming of auto-reactive immune cells in the pancreas are critical to prevent the disease progression. Endogenous Tregs already exist in the pancreatic-draining lymph nodes, and these cells are critical in the modulation of priming of auto-reactive immune cells through restraining cell expansion and differentiation. Remarkably 
Generation of Ag/Tissue-Specific iPSC-Tregs
Because autoimmune diabetes is induced by the secretion of autoantigen produced by the islet cells, our method was sufficient to produce numbers of auto Ag-specific Tregs from iPSCs, i.e., iPSC-Tregs, which will be directed to the appropriate site due to their inherent specificity. Hematopoietic stem cells (HSCs) and ESCs can be used to generate T cells. We have previously utilized an in vitro co-culture system to generate Ag-specific iPSC-T cells [15, 19] . In these studies, murine iPSCs were engineered with TCR and co-cultured with the OP9-DL1 cells highly expressing the notch ligand deltalike 1 (DL1). Notch ligand signaling is indispensable for the differentiation of T lymphocytes [72, 73•] . The differentiation of iPSC-T cells was analyzed for their morphology, expression of cell surface Ag, and function at different days of co-culture.
The results indicated T-like differentiation, including the expression of T cell surface markers, such as CD3 and TCR. Significant morphological changes were also observed, including the transformation change from dome-like to grapelike colonies, which remains a representative feature of lymphoid cells. In addition, Nanog and CD117 are the two important identification markers for HSCs and iPSCs. After differentiation, iPSCs do not express stem cell-like markers Nanog and gradually express T cell markers, including CD3, CD4, CD8, and TCR. To determine their functional ability, iPSCderived T cells were also examined for the secretion of cytokines. These stem cell-derived cells were found to produce IL-2 and IFN-α in a manner similar to mature T cells upon stimulation with anti-CD3 and anti-CD28 antibodies. After the generation of functional iPSC-T cells, we continued to develop auto Ag-specific iPSC-Tregs. Initially, we created a construct of MiDR-TCR-Foxp3-containing genes of ovalbumin (OVA) 323-339 -specific TCR and Foxp3 (Fig. 1) . We retrovirally transduced mouse iPSCs with the MiDR-TCR-FoxP3 construct and then co-cultured the gene-transduced iPSCs on the OP9-DL1-DL4-I-A b -expressing Notch ligands DL1, DL4, and MHC-II molecule I-A b in the presence of recombinant cytokines of rIL-7 and rFLt3L. The genetransduced iPSCs were determined for differentiation through analyzing cell morphological difference. The gene-transduced iPSCs differentiated into mesoderm-like profiles and were related to non-adherent grape-like clusters. At day 22 of coculture, lymphocyte-like cells fully covered the cell culture plate. From the analyses of cell surface markers by flow cytometry, it can be shown that the iPSC-Tregs markedly expressed CD3-and OVA-specific TCR (Vα2 and Vβ5).
The CD3 + Vβ5 + cells expressed CD4 but not CD8. The majority of CD3 + Vβ5 + CD4 + populations expressed CD25, CD127, and CTLA-4-classically expressed on naturally occurring Tregs (nTregs) [74] . Consequently, we determined the function of Ag-specific iPSC-Tregs in vivo. After adoptive transfer, the transferred Ag-specific iPSC-Tregs from the hosts were able to produce suppressive cytokines IL-10 and TGF-β when stimulated with cognate Ag or anti-CD3 plus anti-CD28 antibodies.
Utilization of iPSC-Tregs for the Treatments of T1D
In vitro-differentiated functional iPSC-Tregs were used for the treatment of T1D in an animal model. In this mouse model of T1D, B6 mOVA transgenic (Tg) mice were crossed with OT I TCR Tg mice. For B6 mOVA Tg mice, the pancreatic islet β cells and the renal proximal tubular cells express membranebound OVA [75] . After these two strains of mice interbred, the partial F1 generation of mice (B6-mOVA × OT-I double Tg mice) has autoimmune diabetes. In this T1D model, CD8 + T cells from OT-1 TCR Tg mice destroy the OVA + pancreatic islets, and the F1 mice subsequently start producing low amounts of insulin and develop autoimmune diabetes. The 8-week F1 mice were tested for blood glucose level, and we witnessed that roughly 30% mice had autoimmune diabetes. Consequently, CD8 + T cells from OT I Tg mice were additional activated through inoculating the mice with vaccinia virus that express OVA (VACV-OVA). Following the VACA-OVA administration, all mice showed high blood glucose level and extra urine discharge. Following the successful induction of autoimmune diabetes, we introduced OVAspecific iPSC-Tregs into the mice with autoimmune diabetes. Seven days post-Treg transfer, we examined that > 80% of the diabetic animals had decreased blood glucose level and low urine discharge. The animals were next sacrificed for histological evaluation. Inflammation in the pancreases of mice receiving the Ag-specific iPSC-Tregs was prominently reduced compared with the control mice receiving control cells (Fig. 2) . Additional analysis was performed to analyze the islet destruction in both groups of animals. Islet sizes were obviously decreased in the group of mice receiving control cells; conversely, they were relatively usual in mice receiving the iPSC-Tregs (Fig. 3) . We further investigated the mechanisms by which the iPSCs-Tregs reduced blood sugar levels and avoided islet damage in the diabetic mice. ICAM-1 is critical in directing pathogenic T cells to the pancreatic islet from the periphery [71] . We identified that ICAM-1 expression was substantially augmented in diabetic mice; conversely, it was prominently decreased in the pancreas of mice having the Agspecific iPSC-Tregs. We have formerly revealed that Agspecific iPSC-Tregs secreted suppressive cytokines, such as IL-10 and TGF-β. Consequently, TGF-β, produced from the iPSC-Tregs, shielded the islets from further destruction. Furthermore, IL-10, produced from the iPSC-Tregs, decreased ICAM-1 expression that repressed the accumulation of pathogenic immune cells in the impaired islets and avoided additional damage.
Strengths and Pitfalls of Treg-Based Therapy
Strengths
Currently, immunosuppressive drugs are the only option for treating immune-mediated diseases. Most of the immunosuppressive drugs are non-Ag-specific and need to be administered throughout the lifetime of the host. Due to their non-specificity, they are not able to distinguish between favorable and devastating immune responses. Beneficial immune cells are also suppressed by the non-specific immunosuppressive drugs, which causes the development of other diseases. As with lifelong treatment with immunosuppressive drugs, disease relapse may happen when stopping the use of the immunosuppressive drugs. In contrast, Tregs are physical cells of the immune Fig. 3 Suppression of destruction of pancreatic β-cells by Ag-specific Tregs. Diabetic mice were adoptively transferred with Ag-specific Tregs or cell control. Mice were sacrificed, and their pancreases were stained with insulin to detect the β-cells. Representative photomicrographs (immunofluorescence staining) of islet destruction (magnification, × 200). Insulin-producing cells are indicated by the red arrow Fig. 4 Step-by-step procedure for generation and treatment with iPSCs derived from patient's somatic cells. Somatic cells from diabetic patients are transformed to iPSCs, which are engineered according to interest and again administered back to the patient's body system and Treg-based adoptive cell transfer would rebuild the immunological homeostasis destroyed underneath the pathological conditions. Ag-specific Tregs are directed particularly to the site of action and exert their effect on target cells. Other neighboring immune cells are not affected. IL-10 and TGF-β are most important cytokines that exert immunomodulatory function. In vivo transfer of Tregs is the most potent biological source of these two cytokines. It is highly possible that exogenous use of IL-10 and TGF-β as recombinant proteins will not have the similar therapeutic results. Actually, the only use of exogenous IL-10 could not prevent allograft rejection in allogeneic pancreatic islet transplantation; instead, adoptive transfer of Ag-specific Tregs prevented the rejection and induced durable tolerance, because the Tregs produced IL-10 when encountering with Ags. Notably, Treg-based immunotherapy can be personalized to the individual patient and consequently be used to fulfill the precise requests of each patient. Nevertheless, it will be a relatively expensive approach for T1D treatment because individual Tregs cannot be industrial and given effortlessly and naturally.
Pitfalls
At the current stage, the major difficulties that constrain the Treg-based immunotherapy are practical and associate with cell management. It is also a patient-specific immunotherapy thereby limiting its widespread use. The procedure for generation of Ag-specific Tregs involves several steps that include isolation of somatic cells from the patient and introduction of various transcription factors through retroviral transduction or other method to make iPSCs, which are further engineered to become iPSC-Tregs that need to be expanded further by in vitro culture system. Treg separation and management are consequently essential prerequisites for Treg-based immunotherapy. In addition, for the development of Ag-specific Tregs as a therapeutic product, some further considerations should be resolved and various quality controls must be instituted. Good manufacturing practice (GMP) conditions should be used in all procedures, including Treg separation, management, growth, and reinfusion in the patients. Subsequently, this therapeutic method is relatively costly. Undoubtedly, only a small number of institutions or organizations are able to offer entirely the essential infrastructure to perform Treg-based immunotherapy. Yet, since there is a great therapeutic potential, we should predict that not only academic institutions but also pharmaceutical companies would be involved in developing this new therapeutic method. Obviously, an extreme priority is the safety of the manipulated Tregs. The possibilities of unrestrained immune cell increase, overall immunosuppression, and following tumor growth must be wisely censored. Besides, a remarkable advantage of Tregbased immunotherapy over the established treatments must be evidently confirmed.
Conclusion
PSCs can differentiate into Ag-specific Tregs that are similar to nTregs. Yet, in autoimmune diabetes, improving the activity of islet cells or inhibiting their devastation from pathogenic immune cells will reduce or prevent the development of disease. Evidently, adoptive transfer of pancreatic tissueassociated iPSC-Tregs in diabetic mice reduced the blood sugar level and restored the islet size. A following work to generate diabetic auto Ag-specific iPSC-Tregs will greatly advance the field of Treg-based immunotherapy of T1D. We have illustrated the design strategy for generation of autoantigen-specific Tregs from human somatic cells ( Fig. 4) . Because heat-shock proteins (HSPs) are highly expressed in inflamed pancreatic tissues and are associated with the islet cell devastation [60] , HSP-specific iPSC-Tregs can be pancreatic tissue-associated Tregs, and adoptive transfer of these Tregs may significantly prevent or suppress T1D. In the past five years, Ag-specific PSC-T cells have been revealed a great potential to be used in adoptive cell transfer based on immunotherapy. It can be expected in the near future that optimal approaches will be developed to generate auto Ag-specific PSC-Tregs in vitro and apply such cells ex vivo for T1D immunotherapy.
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